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1. In an earlier paper (1) it ""s pointed out that the spaoe variation of burn-
ing rate over an array ehould give a qualitative indioation of whioh meohaniem ""s 
dominant in any interaotion between the piles. It was also found (2) that th. 
time variation of various effeots, euoh ae air temperature and thermal radiation, 
oould be roughl,v represented by a eingle ourve with two undetermined parametere, 
tbe peak intensity and tbe duration. 

2. The main type of inetrument used by tbe United Kingdom team for tbis burn was 
the lood Blook. This was desoribed by Griffiths and Heselden (3) and tbe results 
are reported separately (4). For oompleteness, however, it was desirable to 
measure a second parameter. 

3. Crudely, the wood blooks respond to Rt1/3 (where R ie the intensity and 
the duration of the thermal pulsel! whereas the evaporation of water ehould respond 
to Rt. Henoe it was hoped to eetimate both parameters of ths pulse by putting 
later Calorimeters alongside the "ood blooks. 

4. Two types of water oalorimetsr were used. a Saucepan type, consieting of an 
Aluminium eaucepan about 1" in diameter with 2.17" of water in it buried to the 
lip in the ground, but separated from tbe sol1 by a small air gap, whioh are 
reported on in Ref. (4); and a dish type whioh was an Aluminium foil disb about 
6" z 3" z 2" with 1" of water in it. The latter were known ae "Brand Traps" 
beoause they were originally envisaged for this purpose. 

5. Brand traps installed at roof eections (5) were buried to tbe lip in tbe 
ground; the others, mainly at Piazza positions, were simpl,v placed on the ground. 
All brand traps were fastened to the ground by two skewers. 

6. Water was measured out using a plastio measuring oylinder calibrated in ounces. 
The oorreot amount was measured out beforehand and then the alJU)unt remaining after 
ths bum was reoorded - eee Table 1. 

1. Two brand traps were kept near tbe baee as controle; the readinge are shown 
in Table 2. It oan be seen that the loee wae oonsiderable, but varied from day to 
day, doubtlese dependins on the weather. 

8. Bassd on Tsble 2, and knowing when eaoh brand trap was last topped up and .hen 
meaeured after the burn, the baokground oorreotion could be subtraoted from the rew 
readings. Tbe oorreotsd 108888, oonverted to mme. of water, are sbown in Table 1. 

9. There are obviously substantial errors poesible in tblo. Neither Wind, 
temperature, solar radiation or rainfall were neoessarily the eame for all brand 
trape. Both tbe topping up and ths final meaeurement were, under field conditions, 
orudot. Tbere ... . � l ... t one inltano. of a helptul .... ber of anotb.r team empty
inS out. brand trap before tbe burn, since it bad beoome filled, as he tbought, with 
rainwater! Unfortunately, tbere wae not time to top up all tbe brand traps tbe day 
before tb. burn, and in tbe oa.e of a f.w it 1& impoaoible to tell no .. wbether tbey 
.. re topped up then or not. I/anJ' brand traps bad eVaporated to dryness, 80 that 
00. oan only say that the 10 •• 1&, for example 11+ mma.; wben in addition they were 
l .. t topped up a .. ek befor., the oaloulated loos ie probably 0. .... , whioh is not 
vlry informath •• 



Results and Discussion 

10. Fig 1 sho,", tbe space variation of the lo.ses (using Brand traps and 
Saucepan Types) at Piazza positions. A polynomial surface has been fitted to 
tbese reaultu-

Loss in mms - -0.177x 2 
_ 0.021x Y - 0.216 i + 3.114x + 5.360y - 14.942 

Tbe coefficients of x2 and i are not significantly different from one another, 
nor is that of xy from O. All otber differences are significant. Tbe equation 
can tben be restatedl-

Loss - 30 - 0.20 /:(x- 6)2 + (y - 12)"i 
This is plotted in Fig. 2. Unfortunately, this results in negetive losses in the 
SW corner! Tbe intsrpretation of Fig. 1 is probably superior, dsepi te a csrtain 
sub jecti vity • 

11. Fig.:5 shows the space variation over Piazza Positions of tbs ratio.
water loss (mme) 
intensity (watts/cm2) from wood blocks with 20 min square pulse 

Following the interpretation of PaT)lgrapb 3, this should vary ae t 2/3 , or 
alternatively as (burning rate) -2/3. Fig. 3 would then mean that there is an 
area of low burning rate near the centre of the N side ond another near 
the oentre of the E side, but tbat tbe burning rete is 2 times faster round tbe 
5 and W sides, and in tbe extreme NE corner. Tbis seems a ratber unlikely con
clusion; it might be explained as a bellows effect due to hieb wind speed round 
the edge (Theories 4 of ref(1», but tbe wind geuge results (4) suggests that tbe 
highest speeds were not there. Tbe average ratio in the piazzas round the 
insulated pile (Ql3) is only BOl' of tbe average re tio in the next ring out; but 
tbis is probably just error. 

12. Brand traps readings for the 2-pile wide-spaced bum on 26tb and the 5-pile 
bum on 1st are also sbown in Table 1, and tbe 2-pile smoothed results are 
summarised in Fig. 4. It can be seen that there is a most important wind effect; 
this was originally aesumed to be due to radiation from the leaning flame, but 
the results of the main burn suggest it may be due to hot air. The higher readings 
on the outside are probably a etatistical artifact, but if real they may be due 
to tbe greater indreft wind ceueing more evaporation. Adding the 4 piazza positions 
gives an estimated 10 mm loss in a standard piazza position, and tbis agrees 
reasonably with the loosee round the upwind edges of the main array (Fig. 1), but 
is only 1/3 of the value at tbe centre. 

13. If tbe variation of the wood block intensitiee (about 15 to 1) (4)·were 
solely due to variation of the looal burning rate, then the burning rate would 
bave to vary by about 60 to 1. This is quite incredible. It is inconsistent .. ith 
the visual observations, and also with the ratios of Fig. 3. (As a further check, 
if this were so, the burning ratss of the weighed piles 59, 05, 09, and J9 should 
be in tbe ratio 1 I 1.6 I 2.2 I 4.0.) Hence a large part of the effect must be 
due to the direct effect of drifting hot gases on ths wood blocks. The simple 
interpretation of Paragraph 3 ie therefore probably invalid, particularly since 
there is probably also a direct effect on water evaporation (see pp 11-12 of ref. 
(4». If there were any space variation of burning rate this was probably a fai"ly 
minor effect, no more than about a faotor of 2. 

Application to Fireetorms 

14. Hietorical firestorme were marked by an unusually bigh caeualty rate - about 
2()/. at Hamburg. Why wae this so? 

(1) fue to eome eort of interaction between fires, the looal burning rete 
was greatly increaeed, leading to intolerable local conditions. As 
ehown in Paragraph 13, this can hardly be the major reason . 

• See Fig. 5 



(2) Tbere was no interaction - casualties were due simply to trapping. 
As the fire density is increased, the casualty rete starts to climb 
steeply wben the lethal redius about eacb fire starts to overlap with 
its neighbour's. Applying this to terraced housing, asswne a man is 
a casualty if his bouse, the house opposite tbe front door, and tbe 
house opposite tbe back door, are all alight. 

Rence Casualty rate _ C _ p 3 
. • . . . • • • • • • • • • • • • . . . . . • • • • • •  (i) 

where p - fraotion of bouses aligbt. 

For example, if p - 1�, wbich is reasonable for many group 
fires, then C - O.1�, wbile for p - 6�, .. hich is the order 
of magnitude of ignitions in Hamburg, C • 22�. Hence this 
theory could explain tbe high casuuty rate on its 0"0. 

(3) Burning retes did not interact, but bot gases drifted across �be area 
wi th the ambient or indraft wind, and these caused casualties directly, 
and also by assisting fire spread. So l ong as the wind is strong 
enough to keep the plume in contaot with the ground the effsct 
(measured as a temperature rise) of a row at distance x upwind is 
proportional to 1/x since the plume from a fire is conical. 

Hence T - temperature rise is proportional to log n • • • • • • • •  (ii) 
where n is tbs number of rows upwind. 

Alternati�ely, if fires are a distance d apart on average 
(i.e. 1/d fires per unit area), and if each fire gives a 
crosswind integral k/x at distance x downwind, and the 
upwind ed8e is distance D away, 

T· � log (D/d) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  (11i) 
d 

15. Since Tbeory (2) could explain the effect on its own, but it seems that (3) 
must be operating, it 10 not possibls without further "ark to estimate their 
relative importance. 
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Table 1; Brand trap readings and corrected 108S0S 

T)'pe of Position Timo topped Time (2) Reading Correct., 
Position (1) "P (2) Measured (Oz) loss (us; 

Piazza (3) ... 4 28 AM 30 PM 4 1 
AB 28 PM 29 1230 4 15 
A9 28 PM 30 1030 0 19+ 
B4 28 AM 30 1630 o (13) -

BB 28 PM 30 1030 o (8) 19+ 
B9 28 PM " o (9) 19+ 
B17 28 PM 30 1200 0 16+ 
C2 28 PM (5) 29 PM 14 0 
C16 28 PM 30 o (11) 16+ 
E8 28 PM 30 1030 o (9) 19+ 
E9 28 PM " o (8) 19+ 
E17 28 PM " 0 19+ 
F8 28 PM " o (8) 19+ 
F9 28 PM " o (8) 19+ 
12 28 PM (5) 29 PM 14 0 
J1 28 PM (5) " 8 8 
J7 28 PM 30 1030 0 19+ 
J8 28 PM " , 18 
J9 28 PM n 0 (8)(10) 19+ 
J17 28 PM " 0 (8)(11 ) 19+ 

. K7 28 PM " i 18 
" K8 28 PM " o (8) 19+ 
" K9 28 PM " o (8)(10) 19+ 
.. 1.6 28 PM (5) 30 0 16+ 
.. M3 28 PM (5) 30 3 11 
.. M15 28 PM 30 0 (9) 16+ 
.. 04 23 (19) 30 1100 1 3 
.. 08 28 PM .. 0 19+ 
.. 09 28 PM .. o (10) 19+ 
.. P1 23 (19) 29 PM 5 0 
.. P5 23 (19) 30 1100 i 4 
.. p8 28 PM .. 2 15 
.. P9 28 PM .. 0 19+ 
.. P11 28 PM (19) .. 1, 16 
.. P14 28 PM (19) .. 0 19+ 
.. P17 28 PM .. o (8) 19+ 
.. Q3 23 30 1100 0 5+ 
" Q12 28 PM (19) .. 

� 
14 

.. Q13 28 PM (19) 30 1130 12 

.. Q15 28 PM 30 3 11 

.. R11 28 PM (19) 30 1 14 

.. R13 28 PM (19) 30 1130 o (9)(13) 19+ 

.. 51 23 (19) 29 PM 5 0 
" sS 23 (19) 30 AM 2 0 
.. 59 28 PM (19) 29 1145 14 0 
.. 512 28 PM 30 1130 6 8 
.. 514 28 PM .. 7, 5 
.. 517 28 PM 29 PM 14 0 
.. 

� ��� ;� PM ���� 
30 AM 7 0 

.. 2Q 1140; 14 0 

Root (3) 5i te 1 po.8Jl J 28 PM 30 1015 42 (10) 11 
" 1 K .. .. 2 15 
.. 1 L .. .. 7 6 
.. 2 J .. .. o (8) 18+ 
.. 2 K .. .. o (8)(10) 18+ 
.. 2 L .. .. o (9)(10) 18+ 
.. 3 J .. 29 1230 8 (6)(7) -

.. 3 K .. .. o (8) 20+ 

.. 3 I .. .. 3 (6)(7) -
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Type of 
Position 

Roof (3) 

" 
" 

.. 

.. 

" 

" 
" 

" 
" 
" 

" 

Poeition 
(1) 

Time topped 
lip (2) 

Time (2) 
Measured 

Reading 
(0.) 

Site 4
4 

poen J
K 

28 PH (5) 29 1200 
1
10: " (

5) 
" 0: 

4 L " ( 5) " 10 
5 J "  30 1045 0 (9)(10) 
5 K " " 0 (9)(10) 
5 L " " 0 (9) 
6 J " " 0 (8)( 10) 
6 K " " 0 (8) 
6 L " " 0 (9)(10) 
7 J " " 0 (9) 
7 K "  " 0 (9)(10) 
7 L "  " 0 (6)(9)(10) 
8 J "  " 3 (6) 
8 K "  " 0 (8)(10) 
8 L " .. 0 (8) 9 J 23 (19) 30 1200 0 (12) 
9 K .. (19) .. 0 (9) 
9 L .. (19) .. 0 (9)(11) 

10 J .. (19) 29 1145 0 
10 K "  11 5 
10 L " 11 10 
11 J "  30 1115 0 
11 K " " 0 (8) 
11 L " " 0 (6)(8) 
12 J " " 0 (12) 
12 K It 11 6 

Corrected l 
loss (lDIIIe) 

9+ 
o 
o 

r-n-�'�'
��-;��

1
�

2
�",�

L ;--,�
"

� ______ -; __ �'�'�� __ ;-__ 
0� ____ -;r-__ �-� _____ _ 

Radiometer Foot of T 17 28 AM 29 1230 9 2 
Towere (3) " " T  18 28 PH (5) 29 1200 13 0 
Street (3) Between A11(0\12 23 (19) 30 1200 0 (8) 

(gas sample) I 

Piazza � 1'+! 
" (16) 

" 
" 
" 

Street (14 ) 
" (16) 

" 
" 

" 

Control 

Between J11/J12 23 (19) " 0 (8) 
(NRDL Radiom. ) 

NW of E pile 
NE " 
SE " 
SW " 

\I of W pile 
N .. 
E " 
W of E pile 
N " 
E .. 

5 

" 
" 

" 
" 
" 

" 

" 

" 

12 

� 
2 
1 
5 
5 
o 
1 
6 

3 
2 

12+ 
5 

11 



Notes for Table 1:-

(1) Piazza positions for the .. ain arrq are those NE of the pile specified. 
(2) The first number is the dq of the month (betwe.n 23rd Sept.mber and 

1st October). 
(3) Main burn of 760-12 on 29th Sept.mber. 
(4) Bas.d on an imaginary row T just south of row S. 
(5) Topped up approximately by eye. 
(6) Found cover.d ... ith Miniboard. 
(7) With ash. 
(8) With dry ash. 
(9) With wet ash. 

(10) With brands. 
( 11 ) Partly melted. 
(12) Io/i th wet earth. 
(13) Driven over and crushed. 
(14) 2-pile wide spaced burn of 28th September. 
(15) Filled to 7 Oz only. 
(16) "Street" positions are 12�' from the side of a pile; "Piazza" positions 

are 17�' diagonally from the corner, i.e. at the intersection of lines 
parallel to the pile through the street position". 

(17) 5-pile burn of 1st Octob.r. 
(18) z1-Z4 .... re the 4 extra piles north of A1-A4. 
(19) Time of topping up unc.rtain. 



Table 2: Brand Trap COlltrol Readings (0",) 

Date Time Control 1 Control 2 Mean 1088 
from 20th 

20.9.67 All - 14 0 
21 9.67 All 14 - 3 
23.9.67 All 11 9 5 
24.9.67 All 9 7i 

1� 28.9.67 All 5 3 
28.9.67 PM 2/14' 1/14· 13 
29.9.67 1220 12 13 

�� 30.9.67 1000 92 11 
1.10.67 All 5 7 21 

• Controls topped up afresh to 14 0 •• 
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Fig. 1: Evaporation in mms - observed 
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Fig. 2: Quadric surface fitted to water evaporation. 
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!'ig. 5: Wood Block Intensities - watts/cm2 


